We study the decay t cγ → with flavor-changing neutral interactions in scalar sector of the type III Two Higgs Doublet Model (THDM-III) with mixing between neutral scalar fields as a result of considering the most general scalar potential. The branching ratio of the decay .
presence of flavor-changing neutral scalar interactions (FCNSI) at a three-level [10] [11] . There are also some variants (known as top, lepton, neutrino), where one Higgs doublet couples predominantly to one type of fermion [12] , while in other models, it is even possible to identify a candidate for dark matter [13] [14] .
The definition of all these models, depends on the Yukawa structure and symmetries of the Higgs sector, whose origin is still not known. The possible appearance of new sources of CP violation is another characteristic of these models [15] .
Within 2HDM-I where only one Higgs doublet generates all gauge and fermion masses, while the second doublet only knows about this through mixing, and thus the Higgs phenomenology will share some similarities with the SM, although the SM Higgs couplings will now be shared among the neutral scalar spectrum. The presence of a charged Higgs boson is clearly the signal beyond the SM. Within 2HDM-II, one also has natural flavor conservation [16] , and its phenomenology will be similar to the 2HDM-I, although in this case, the SM couplings are shared not only because of mixing, but also because of the Yukawa structure. The distinctive characteristic of 2HDM-III is the presence of FCNSI, which requires a certain mechanism in order to suppress them, for instance, one can impose a certain texture for the Yukawa couplings [17] , which will then predict a pattern of FCNSI Higgs couplings. Within all those models (2HDM-I, II, III) [18] , the Higgs doublets couple with all fermion families, with a strength proportional to the fermion masses, modulo other parameters.
In the present work, we calculate the the BR for the decay t cγ → in the framework of the general 2HDM.
The General Two-Higgs-Dublet Model Type III
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In the literature, the sign of the vev is chosen positive for convenience, however it could also take negative sign. The mass of the gauge fields are proportional to the square of the vev. The fermions have proportional masses to the vev then to be defined positively would take Yukawa couplings negative. In this way we would obtain consistent models and equal prediction regardless of the sign of the vev.
In Equation (2) 
correspond to the right handed singlets. The zero superscript in fermions fields stands for non mass eigenstates. After getting a correct spontaneous symmetry breaking by using (2) and (3), the mass matrices become
where
V matrices are used to diagonalize the fermions mass matrices and relate the physical and weak states
In order to study the rare top decay we are interested in up-type quarks fields.
By using Equations (5) sin cos .
The fermion spinors are denoted as ( )
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Rare Top Decay t → cγ
We are interested in the contributions of the flavor changing neutral scalar interactions to the rare top decay t cγ → which come from previous Yukawa interactions. The dominant contributions for this decay at one loop coming from neutral Higgs; The charged Higgs contributions are suppressed by the bottom-quark mass compared to the top-quark mass in the neutral Higgs contributions [21] . For the partial width of the decay t cγ → , using Equation 84π sinˆû In order to give the expression for branching ratio for the rare top decay we consider as an approximation to take the reported total width for top quark as top 1.6 GeV Γ ≈ [22] . Therefore, the branching ratio can be written as
The above expression contains too many free parameters of the model, such as the masses Last expression contains several free parameters of the THDM, such as the masses of neutral Higgs bosons and the mixing parameter i α and β . In the next section the parameters are treated to study the rare top decay t cγ → .
Mixing Parameters and Numerical Results
First we will discuss the free parameters involved in the process. The Yukawa couplings in the THDM-III are responsible for the FCNSI as shown the expression (9). One possible option to suppress these FCNSI is obtained by assuming an ansantz for the Yukawa couplings. We take into account the ansantz proposed by Cheng-Sher [23] . This ansatz assumes a specific structure for the Yukawa matrix given by 
10~10
− − for the branching ratio. We note that the contributions from FCNSI are greater than SM contributions [26] . , Figure 4 , the number of events for γ c t → is obtained as is seen in Figure 5 for R , see Figure 6 . We note that the branching ratio decreases as increase in the value of 
Conclusions

